INTRODUCTION {#sec1-1}
============

The pulp--periodontal interrelationship can be considered as a single biologic unit with several paths of communication which spread the infection from pulp to periodontium and *vice versa*.\[[@ref1]\] They can get affected individually or combined; when both tissues are involved, they are called endo--perio lesions.\[[@ref2]\]

The main objective of the treatment is to control the bacterial infection. Periodontal and endodontic therapies can be grouped into three broad categories as follows: mechanical debridement and cleaning to eliminate bacteria; treatment aimed at killing or affecting the metabolism of the infectious microorganism, such as use of antiseptics and antimicrobial agents; and treatment of the tissues/environment that are affected by the infectious microorganisms.\[[@ref3]\] Along with mechanical debridement, the antimicrobial agents are commonly employed.\[[@ref3]\] In endodontic therapy, apart from root canal debridement, root canal disinfectants such as root canal irrigants, intracanal medicaments (ICMs), sealers, and three-dimensional obturation are employed to control the disease process.\[[@ref4]\] During periodontal therapy, along with mechanical cleaning, antimicrobial agents such as systemic drugs, local drug delivery, and mouth rinses are used for controlling infection.\[[@ref3]\] However, even after using the most contemporary treatment approaches, complete elimination of the bacteria from the tissues is not possible because of the complex anatomy of the tooth system and also, increase in the number of resistant strains to the available antimicrobial agents.\[[@ref5]\] Microorganisms causing the endo--perio lesions are usually biofilm mediated and are resistant to most of the conventional antimicrobial agents, leading to persistent and refractory infections.\[[@ref6]\] Therefore, it is important to design and develop newer antimicrobial agents that overcome these limitations.

Nanotechnology has evolved as a favorable tool in medical field and dentistry. Nanoparticles offer an attractive alternative to conventional antimicrobial agents.\[[@ref5][@ref7]\] Among the nobel metals, silver (Ag) is considered in the field of biological system, living organisms, and medicine.\[[@ref8]\] Silver nanoparticles (AgNPs) can be effectively used as antimicrobial agents because of their broad spectrum of activity and biocompatibility.\[[@ref9]\]

Biosynthesis of AgNPs using biological entities such as bacteria, fungi, herbal extracts, and yeasts is an ongoing research in nanotechnology.\[[@ref10]\] Biosynthesized AgNPs exhibit effective antimicrobial activity, and the process of synthesis using biological entities does not use chemicals that cause hazards to human health and environment.\[[@ref11]\]

Endophytic fungi live inside the internal tissues of plants and do not cause any side effects. Several researchers have reported endophytic fungal flora as a source of various bioactive compounds with potential advantages such as they are rich sources of bioactive secondary metabolites with unique structures for the production of AgNPs.\[[@ref8][@ref12]\]

Although the biosynthesis of AgNPs using endophytic fungi and their application as antimicrobial agents against endo--perio pathogens have been reported in earlier studies,\[[@ref13][@ref14][@ref15]\] little is known about their cytotoxicity. The aim of the present study was to evaluate the cytotoxicity of biosynthesized AgNPs produced using endophytic fungi on human gingival fibroblast (HGF) cell lines using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay.

MATERIALS AND METHODS {#sec1-2}
=====================

AgNPs were produced using endophytic fungi *Fusarium semitectum* as described earlier.\[[@ref6][@ref7]\] Briefly, the fungal isolates were grown on potato dextrose agar plates and inoculated in 100-ml malt glucose yeast peptone broth and incubated at 29°C for 72 h for the fungal biomass to grow. The biomass was filtered using Whatman filter paper number 1 and washed with sterile distilled water several times. About 25 g of the biomass was then added to flasks containing 100 ml of sterile distilled water and incubated for 48 h. The filtrate was mixed with 1-mM concentration of aqueous solution of silver nitrate and kept in dark at 29°C for 24 h and used further.

For cytotoxicity evaluation, the HGF cell lines were obtained from the National Centre for Cell Sciences Pune, India. Stock cells were cultured in Dulbecco\'s Modified Eagle\'s Medium (DMEM) supplemented with 10% inactivated fetal bovine serum (FBS), penicillin (100 IU/ml), and streptomycin (100 μg/ml) in a humidified atmosphere of 5% CO~2~ at 37°C until confluent. The cells were dissociated with TPVG solution (0.2% trypsin, 0.02% EDTA, and 0.05% glucose in phosphate-buffered solution). The viability of the cells was checked under inverted microscope, centrifuged, and subcultured into a T-75 cm^2^ tissue culture flask.

The HGF cell count was adjusted to 5 × 10^3^ cells/ml using DMEM containing 10% FBS. To each well of the 96-well microtiter plate, 100 μl of the diluted cell suspension (50,000 cells/well) was added. After 24 h, when a monolayer was formed, the supernatant was discarded, washed with the medium, and 100 μl of various test concentrations of AgNPs ranging from 8 to 512 μg/ml was added onto the monolayer in microtiter plates and incubated at 37°C for 24 h in 5% CO~2~ atmosphere. Controls were prepared with an equivalent volume of cells in culture media without AgNPs.

After 24 h, culture medium containing MTT (1 mg/ml) in PBS was added to each well. The plates were gently shaken and incubated for another 4 h at 37°C in 5% CO~2~ atmosphere. The supernatant was removed, 100 μl of dimethyl sulfoxide was added, and the plates were gently shaken to solubilize the formed formazan. Microscopic examination was done, and observations were noted \[Figure [1a](#F1){ref-type="fig"}-[c](#F1){ref-type="fig"}\]. The absorbance was measured using a microplate reader at a wavelength of 540 nm. The percentage growth inhibition was calculated using the following formula, and the concentration of AgNPs needed to inhibit cell growth by 50% (CTC~50~) values was generated from the dose--response curves.

![Human gingival fibroblast cell lines, (a) control and treated with (b) 258 μg/ml silver nanoparticles and (c) 512 μg/ml silver nanoparticles](JCD-22-160-g001){#F1}
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RESULTS {#sec1-3}
=======

At a minimum concentration of 8 μg/ml of AgNPs, the percentage inhibition was found to be 2.11%. The maximum cytotoxicity of 65.24% was found at the concentration of 512 μg/ml. At a concentration of 256 μg/ml, AgNPs exhibited 46.36% inhibition. AgNPs exerted less cytotoxicity against HGF cell line and increased with increase in the concentration of AgNPs. Graphical representation showed CTC~50~ at a concentration 260 μg/ml. Therefore, a concentration \<260 μg/ml will be effective against diseased cells and is safe to the healthy cells \[[Table 1](#T1){ref-type="table"} and [Graph 1](#F2){ref-type="fig"}\].

###### 

Percentage inhibition on human gingival fibroblast cell lines determined by MTT cytotoxicity assay

  Test compound   Test concentration (µg/ml)   Percentage inhibition HGF cell line
  --------------- ---------------------------- -------------------------------------
  Control         0                            0.00
  AgNPs           512                          65.24
  256             46.36                        
  128             27.23                        
  64              10.32                        
  32              5.10                         
  16              3.34                         
  8               2.11                         

AgNPs: Silver nanoparticles, HGF: Human gingival fibroblast

![Graphical representation of inhibition of cell growth by 50% of silver nanoparticles against human gingival fibroblast -1 cell line](JCD-22-160-g003){#F2}

DISCUSSION {#sec1-4}
==========

The mortality rate of endo--perio lesions is more than 50% today.\[[@ref16]\] Most of the endo--perio pathogens are resistant to the available antimicrobial agents; therefore, newer methods to control the disease process, prevent persistent or refractory lesions, and achieve high success rate is the need of the hour.\[[@ref14]\]

Biosynthesized AgNPs have emerged as novel antimicrobial agents with effective antimicrobial activity against several pathogens including the pathogens associated with endo--perio lesions.\[[@ref10][@ref14]\] AgNPs act synergistically in distinct targets, and there is no interference with antimicrobial resistance mechanisms.\[[@ref17]\] AgNPs can penetrate the tissues owing to their extremely small size and high surface area, hence the potential to use for resistant microbes.\[[@ref18]\]

Biosynthesized AgNPs offer an attractive alternative as antimicrobial agents in the treatment of endodontic, periodontal, and the combined lesions and are effective against the endo--perio pathogens.\[[@ref5][@ref14]\] Exposure to AgNPs as antimicrobial agents for endodontic or periodontal therapy involves intact contact with tissues or administration; therefore, understanding the properties of AgNPs and cytotoxicity evaluation is important for effective use of AgNPs for clinical applications. Cytotoxicity studies of nanoparticles are widely conducted on *in vitro* models due to ease in execution, control, and interpretation, and they are initial studies which mimic *in vivo* conditions. Cytotoxicity can be studied *in vitro* by means of several qualitative and quantitative tests; however, quantitative tests are most suitable as they quantify the number of living cells.\[[@ref19]\]

MTT assay was chosen for the present study because it is a quantitative test recommended for biocompatibility testing, simple to perform, and allows distinguishing nonviable from viable cells by microscopic analysis. It is a colorimetric method that measures the reduction of yellow MTT by mitochondrial succinate dehydrogenase. Since reduction of MTT can only occur in metabolically active cells and cellular reduction is only catalyzed by living cells, it is possible to quantify the percentage of living cells in a solution.\[[@ref19]\]

Despite the widespread use of AgNPs in medical field, relatively few *in vitro* studies have been conducted on healthy cells, most of which are conducted on tumor cells.\[[@ref20]\] Different cell lines have been used to assess cytotoxicity because primary/diploid human cells, mainly oral fibroblasts, are believed to be more biologically relevant tools for these experiments compared to the permanent cells.\[[@ref21]\] However, literature is scarce regarding the cytotoxic studies of endophytic fungal-derived AgNPs on oral cells like HGF cells which are considered to be common *in vitro* model for biocompatibility studies\[[@ref22]\] and are therefore used in the present study.

Han *et al*.\[[@ref23]\] reported the cytotoxicity of biosynthesized AgNPs on human lung epithelial adinocarcinoma cell lines with IC~50~ values of 20 μg/ml compared to the synthetic AgNPs with IC~50~ values of 70 μg/ml, indicating that biosynthesized AgNPs are much effective at a minimum dose compared to synthetic AgNPs.

In the present study, at a minimum concentration of 8 μg/ml, the percentage inhibition was found to be 2.11%. The maximum cytotoxicity of 65.24% was found at the concentration of 512 μg/ml. At a concentration of 256 μg/ml, AgNPs exhibited 46.36% inhibition. Fifty percent inhibition (CTC~50~) was found at a concentration of 260 μg/ml. Therefore, a concentration \<260 μg/ml will be effective against diseased cells and is safe to the healthy cells.

The results of the present study indicate that AgNPs exerted less cytotoxicity against HGF cell line and increased with increase in the concentration of AgNPs, which is in accordance to the study by Magdi *et al*.\[[@ref24]\]

The present study shows an insight for research in endodontic and periodontal therapy; biosynthesized AgNPs can be used as root canal irrigants, ICMs, root canal sealers, etc.; can be used as an alternative to topical antiseptics and antimicrobial agents; and can be used for local drug delivery during periodontal therapy, increasing the success rate.

CONCLUSION {#sec1-5}
==========

The biosynthesized AgNPs derived from endophytic fungi *Fusarium semitectum* exhibit effective less cytotoxicity against HGF cell line, and are therefore safe to use. Hence, the present study shows an insight for the use of biosynthesized AgNPs as antimicrobial agents for successful treatment of endodontic, periodontal, and the combined lesions. However, further *in vivo* and *in vitro* studies evaluating the antimicrobial efficacy using nonculture methods, cytotoxicity by different methods other than MTT assay, effectiveness when employed as root canal irrigants and root canal sealers, and clinical trials should be conducted for the effective and confident use of these biosynthesized AgNPs.
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